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I- Summary

Bacitracin is a hexapeptide antibiotic, with a substituted thiazolidine nucleus,
produced by some strains of B. licheniformis. It is mainly active against Gram-
positive bacteria, although many differences in susceptibility exist among the
bacterial species.

Alpharma A.S. Norway has produced bacitracin for use in human medicine since
1954. Until 1998, the fermentation waste from the production of bacitracin was added
to animal feed in some European countries, including Norway, to promote growth of
pigs and domestic fowl. In 1998, fermentation waste containing bacitracin as a food
additive was banned by the EU to reduce the risk of developing bacitracin-resistant
bacteria in animals, and the subsequent possible transfer of such bacteria to humans
via the food chain. Use of fermentation waste containing bacitracin as a feed additive
has not been officially banned in Norway, but it is no longer used for this purpose.
Alpharma is therefore actively seeking alternative uses for their production waste. As
the waste material is rich in nutrients, the company proposes that it could be
developed as a soil additive by fermenting it with chipped bark and lime.

The Norwegian Food Safety Authority (Mattilsynet) commissioned the Panel on
Biological Hazards of the Norwegian Scientific Committee for Food Safety
(Vitenskapskomitéen for mattrygghet) to develop a risk assessment regarding the
use of composted waste material from Alpharma’s production of bacitracin, as a soil
additive. In response, an ad hoc Working Group of experts was appointed with the
mandate to draft a risk assessment which should include the following elements:
assessment of risk to human health and/or the environment in relation to residual
content of bacitracin in the finished soil additive product and assessment of the risk in
relation to dissemination of the production strain and antimicrobial resistance genes.
The Panel on Biological Hazards concludes that the risks to human health and the
environment posed by residual bacitracin present in the finished product are minimal.
Furthermore, as Bacillus licheniformis is considered essentially non-pathogenic,
occurring rarely as an opportunistic pathogen, the risk posed by this bacterium to
human health or the environment is very low. It is reasonable to assume that during
the early composting process horizontal transfer of bacitracin and erythromycin
resistance genes, from the B. licheniformis producer strain to environmental bacteria,
will exceed background levels. However, this is considered to represent a low risk to
human health and the environment.
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II- Background

The antibiotic bacitracin, produced by the bacterium Bacillus licheniformis, is a
mixture of several high molecular weight polypeptides (bacitracin A, B, and C and
several minor components). When bacitracin was introduced into human medicine for
clinical use, it was found to be nephrotoxic, and preparations for systemic use were
soon withdrawn. Currently, bacitracin is widely employed as a topical remedy for
wounds or ophthalmic ointment (Phillips 1999).

In this document the use of bacitracin as a feed additive refers to the use of the
waste produced from bacitracin fermentation. Alpharma AS has produced bacitracin
for use in human medicine since 1954. Until 1998, the fermentation waste from
bacitracin production was added to animal feed in Norway and some other European
countries to promote the growth of pigs and poultry. This practice is known to result
in improved weight gain, and consequently less food is needed to bring the animals
to their required slaughter weight. In 1998, bacitracin as a feed additive was banned
by the EU to reduce the risk of developing bacitracin-resistant bacteria in animals,
and subsequently possible transfer of such bacteria to humans via the food chain.
Use of bacitracin as a feed additive has not been officially banned in Norway (FOR
2005-04-12 nr. 12: Forskrift om tilsetningsstoffer til bruk i férvarer), but the industry
implemented a self-imposed ban on all growth promoters in 1995, following the ban
of avoparcin as a feed additive. Therefore bacitracin has not been used as a feed
additive during the last ten years. Alpharma is therefore seeking alternative uses for
their production waste. As the waste material is rich in nutrients, the company
proposes that it could be developed as a soil additive by fermenting it with chipped
bark and lime. If approved by the Norwegian Food Safety Authority (Mattilsynet), the
resulting compost, estimated to be about 1700 metric tons per year, will be sold on
the open market.

lll- Legislation
According to the Regulation on Fertilizer Materials of Organic Origin':

§9

Import of, or trade with, products that do not fulfil the quality requirements laid down
in this regulation is prohibited. The Norwegian Food Safety Authority can ban
products that entail an environmental risk or can harm or affect the health of plants,
animals or human beings.

§10.2

1
§9

Det er forbudt & importere eller omsette produkter som ikke tilfredsstiller de kvalitetskrav som gar fram
av denne forskrift. Mattilsynet kan i alle tilfelle forby produkter som kan medfare miljgrisiko ved bruk,
eller som kan skade eller redusere menneskers, dyrs eller planters helse.

§10.2

Den som produserer eller omsetter produkter etter denne forskrift skal vise aktsomhet og treffe
rimelige tiltak for & begrense og forebygge at produktet inneholder organiske miljggifter,
plantevernmidler, antibiotika/kjemoterapeutika eller andre miljgfremmede organiske stoffer i mengder
som kan medfgre skade pa helse eller miljg ved bruk.
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The producer or traders must show precaution and lay down measures to prevent the
product containing environmentally hazardous organic substances, pesticides,
antibiotics/chemotherapeutic substances or other organic pollutants in amounts that
pose risks to human health or to the environment when used.

IV- Terms of reference

The Norwegian Scientific Committee for Food Safety (Vitenskapskomitéen for
mattrygghet) has been commissioned by the Norwegian Food Safety Authority
(Mattilsynet) to assess the risks of using composted waste material from Alpharma’s
production of bacitracin as a soil additive®:

Three questions, under two headings, of particular concern have been raised by the
Norwegian Food Safety Authority:

1- Assessment of risk in relation to residual content of bacitracin in the
finished product.

Will the residual content of bacitracin in the proposed compost pose any risk to
human health or the environment?

2- Assessment of risk in relation to dissemination of the production strain

a- Assess the risks of disseminating Bacillus lichenformis 20443 to the environment,
and whether such dissemination could pose a threat to human health or the
environment.

b- Assess the risks of dissemination of antimicrobial resistance genes from the
compost.

V- Hazard identification

Production, handling, and application of composted waste material from the
production of bacitracin may involve several hazards, as follows:
e Dissemination of bacitracin
e Dissemination and proliferation of the B. licheniformis production strain
e Dissemination and transfer of bacitracin, sulfonamide and erythromycin
resistance genes to animal and human pathogens

Vurdering av risiko knyttet til restinnhold av bacitracin
Vi ber om en vurdering av om inneholdet av bacitracin i kompostenutgjer noen helse- eller miljg risiko.

Vurdering av risiko knyttet til spredning av produksjonsstammen

Vi ber om en vurdering av om spredning av Bacillus licheniformis kan spres fra komposten, og om
dette eventuelt utgjer noen risiko for helse eller milja,

Vi ber om en vurdering av risiko knyttet til spredning av gen materiale som koder for
antibiotikaresistens fra denne komposten.
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VI- Hazard characterization

VI-I- Bacillus licheniformis

The B. licheniformis 20443 strain used for bacitracin production was derived from B.
licheniformis ATCC 10716 by conventional mutagenesis and is not a product of
recombinant DNA technology. The parent strain was originally isolated from soil and
produced bacitracin at a lower rate. The B. licheniformis 20443 strain used by
Alpharma is reported to be resistant to bacitracin, sulfonamides and erythromycin,
although the method used for susceptibility testing is not according to standardized
methodology. According to Alpharma AS, there is no information regarding the
association between phenotypical resistance against sulfonamides and the presence
of resistance genes. However, resistance against bacitracin and erththromycin is
associated with the bcr gene cassette and the ermDgene, respectively (reported
during meeting with representatives from Alpharma; 01.02.06).

VI-I-i- Hazards to humans, animals, plants and environment

B. licheniformis appears to have a very low degree of virulence. In general, it does
not produce significant quantities of extracellular enzymes or other factors likely to
enable it to cause infection. There are some reports in the literature of human
infections with B. licheniformis, however, these have all occurred in
immunosuppressed individuals. In order for infection with B. licheniformis to occur it
is probable that either the infectious dose must be very high, or the immune status of
the host must be severely reduced (Edberg 1992). However, while the likelihood of B.
licheniformis infection in humans is low, it is not nonexistent. Toxin-producing strains
of B. licheniformis have been obtained from foods involved in food-poisoning
incidents, from raw milk, from industrially-produced baby food (Salkinoja-Salonen et
al. 1999), cooked meats, and vegetables (Rosenkvist and Hansen 1995;Tatzel et al.
1994).

There are numerous reports in the literature which associate B. licheniformis with
livestock abortions (McClung 1992). It has been reported that B. licheniformis can be
associated with abortions in cattle, sheep and swine (Kirkbride et al. 1986;Logan
1988). In Norway, two cases of abortion caused by B. licheniformis in dairy cattle
were reported in 2003 (Bergsjo 2003). It is believed that hay and silage of poor
quality may be predisposing factors.

No reports in the literature indicate that B. licheniformis is a plant pathogen. On the
contrary, it has been reported that B. licheniformis in composting material promotes
the growth of plants.

As B. licheniformis has only infrequently been associated with infections in humans,
antimicrobial susceptibility testing of B. licheniformis strains has gained little
attention. The species is reported to be intrinsically intermediately resistant to
penicillin (Coonrod et al. 1971;Weber et al. 1988). Data regarding susceptibility of B.
licheniformis to other antimicrobial agents is sparse.

In the opinion of the Scientific Committee on Animal Nutrition (SCAN), the use of
Bacillus licheniformis NCTC 13123 in feedstuffs for pigs is considered unsafe due to
the risk of dissemination of genes that confer resistance to clinically important
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antimicrobials via the food chain (European Commission 2000). In reaching this
decision, SCAN recognised that the magnitude of the risk could not currently be
quantified, but is probably low. However given the continuing widespread use of
macrolide antimicrobials in pig production, and the selective pressure this provides,
SCAN decided to adopt a precautionary approach consistent with its previously
expressed Opinion on antimicrobial resistance genes in microbial products.

VI-l-ii- B. licheniformis as a probiotic

B. licheniformis is included in a product classified as a probiotic (ZooLac®, ChemVet
DK AS, Denmark). ZooLac® is sometimes given to animals for the dietary
management of digestion disorders. The total usage of ZooLac® in Norway in 2005
was 776 litres paste (670 litres in 2004). We are not aware of any antimicrobial
resistance property of the B. licheniformis used in Zoolac.

VI-lI- Bacitracin

Bacitracin is a hexapeptide antibiotic, with a substituted thiazolidine nucleus,
produced by some strains of B. licheniformis and Bacillus subtilis (Azevedo et al.
1993). Six compounds have been detected, A, B, C, D, E, and F. Compound A
represents about 70% of the complex. Bacitracin is a yellow-white powder, soluble in
water and alcohol and insoluble in ether, chloroform, benzene, and acetone.
Bacitracin is not absorbed in the gastrointestinal tractus and is degraded in the
intestinal lumen. In infants, it is sometimes administered intramuscularly for the
treatment of pneumonias. This formulation is sold under the brand name Baciim®.
When applied locally (to the skin/mucous membrane), bacitracin is weakly absorbed.
In Norway, bacitracin was formerly used as growth promoter in animal husbandry.
For many years, bacitracin has been used in some topical preparations for human
and veterinary medicine.

VI-ll-i- Mode of action

Bacitracin is mainly active against Gram-positive bacteria, although many differences
in susceptibility exist among the bacterial species (O'Grady and Greenwood 1997).
The best characterized bactericidal effect of bacitracin is the inhibition of
peptidoglycan biosynthesis (Storm 1974), but it may also interfere with additional
cellular processes (Butaye et al. 2003).

VI-ll-ii- Bacitracin resistance among various bacterial species

Despite its clinical importance, little is known about the mechanisms by which
bacteria other than B. licheniformis acquire resistance to this antibiotic (Butaye et al.
2003;Harel et al. 1999).

Nevertheless, resistance mechanisms have been described for a few bacterial
species including E. coli, B. subtilis, Streptococcus mutans and Enterococcus
faecalis.

VI-ll-iii- Resistance to bacitracin in B. licheniformis

For self-protection, B. licheniformis producer-strains are equipped with resistance
mechanisms enabling them to combat the effects of their own metabolic products.
An ABC transporter system (ATP-binding cassette) is considered to be the

mechanism behind bacitracin resistance in B. licheniformis (Podlesek et al. 1995).
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The transporter system, which has been proposed to mediate active efflux of
bacitracin (Neumuller et al. 2001;Podlesek et al. 1995), is composed of two
membrane-proteins, BerB and BerC, and two ATP-binding subunits, BerA. In B.
licheniformis, the bcrABC genes are localized about 3 kb downstream from the
bacitracin biosynthesis operon bacABC (Neumuller et al. 2001).

VI-ll-iv- Known bacitracin resistance mechanisms in other bacterial
species

In E. coli, the bacA gene is involved in the synthesis of a lipid-carrier protein
(undecaprenyl phosphate, Css-P) essential for peptidoglycan synthesis (El Ghachi et
al. 2005). Bacitracin is known to block the synthesis and recycling of undecaprenyl
phosphate by forming a complex with the precursor Css-PP. Over-expression of bacA
is probably associated with a bacitracin-resistant phenotype in E. coli (Cain et al.
1993). A different bacitracin resistance gene, bcrCe, encoding a homologue of the
resistance gene in B. licheniformis, has also been described in E. coli (Harel et al.
1999).

In S. aureus and S. pneumoniae, genes homologous to the bacA gene have been
found. It is unclear whether these genes play a role in acquired bacitracin resistance
since they seem to be present in a wide variety of bacterial species, including
bacitracin-susceptible ones. These genes might be related to the natural
susceptibility level of these bacteria to bacitracin (Butaye et al. 2003).

In B. subtilis, the bacitracin biosynthesis gene cluster from B. licheniformis, including
the genes for self-protection, has been experimentally integrated into the
chromosome. Synthesis of bacitracin was achieved at high level, as well as
expression of the associated bacitracin self-resistance genes (Eppelmann et al.
2001).

Streptococcus mutans is naturally resistant to bacitracin. RGP (rhamnose-glucose
polysaccharide)-synthesis has been shown to be related to bacitracin resistance in S.
mutans through an unknown mechanism (Tsuda et al. 2002).

Studies on bacitracin susceptibility and resistance among enterococci are limited,
and a breakpoint for classification of resistant and susceptible isolates has not been
determined. Detection and characterization of acquired genes encoding high-level
bacitracin resistance in Enterocococcus faecalis has been reported (Manson et al.
2004). The genes responsible for this resistance encode an ABC transporter system
with some homology to the ABC transporter system present in B. licheniformis.

VI-ll-v- Unknown mechanisms

In several bacterial genera, bacitracin resistance has been detected phenotypically,
however the mechanisms of resistance remain unclear (Manson et al. 2004).
Examples of such species are Clostridium perfringens (Devriese et al. 1993) and
Streptococcus pyogenes (Mihaila-Amrouche et al. 2004).

VI-lI-vi- Resistance to antimicrobial agents in B. licheniformis

Resistance to erythromycin and related antimicrobials is prevalent, but not universal,
amongst strains of B. licheniformis (Docherty et al. 1981). This is also the case for
strains deposited in culture collections before 1950, and thus before the widespread
use of antimicrobials in human and veterinary medicine.

Resistance against erythromycin in B. licheniformis is associated with the ermK or
ermD gene (Docherty et al. 1981;Kwak et al. 1991). The B. licheniformis producer
strain used by Alpharma is reported to be resistant to bacitracin, sulfonamides and
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erythromycin, although the method used for susceptibility testing is not in accordance
to with standardized methodology. Resistance to erythromycin in this strain is
mediated by the ermD gene. The presence of the ermD gene was detected by the
use of hybridization with a specific probe (reported during meeting with
representatives from Alpharma; 01.02.06). We are not aware that ermD gene is
transferable from B. licheniformis to other bacteria.

The mechanism behind bacitracin resistance in B. licheniformis is due to the
presence of a transporter system (ATP-binding cassette), as described above in
section VI-111-iii.

Resistance to sulfonamides is mediated by an unknown mechanism. The majority of
the various Bacillus species are reported to be intrinsically resistant against
sulfonamides (2005).

VI-lI-vii- Occurrence of bacitracin resistance in Norway

The Norwegian monitoring programme for antimicrobial resistance in bacteria from
feed, food and animals (NORM-VET) has investigated resistance to bacitracin in E.
faecalis and E. faecium between 2000-2004 (NORM-NORM-VET 2000;NORM-
NORM-VET 2001;NORM-NORM-VET 2002;NORM-NORM-VET 2003;NORM-
NORMVET 2004). Up to 50% of the investigated isolates have been reported as
resistant against bacitracin. However, the determination of the in vitro activity of
bacitracin has been bedevilled by a lack of standardized reference methodology, a
lack of agreement on interpretive criteria such as breakpoints, and by lack of any
great interest in this antibiotic, particularly in human medicine.

Resistance to bacitracin in human pathogens is not investigated in the Norwegian
monitoring programme for antimicrobial resistance (NORM). However, reduced
susceptibility to bacitracin among S. pyogenes, and S. aureus isolates of human
origin has been recognized in Norway (Arne Hgiby, Norwegian Institute of Public
Health, personal communication).

VI-lllI- Possible dissemination of antimicrobial resistance genes
from the B. licheniformis producer strain to environmental bacteria

The B. licheniformis 20443 strain used by Alpharma to produce bacitracin is highly
resistant to bacitracin and sulfonamide, and to a lesser degree erythromycin. The
proposed composting of waste from Alpharma’s bacitracin production implies that live
bacteria and naked DNA present in the waste will come into close contact with
environmental bacteria during the composting process. Consequently, the possibility
exists that bacitracin, sulfonamide and erythromycin resistance genes can be
transferred to the endogenous population of bacilli and other soil bacteria (e.g.
enterococci).

Bacteria use three major mechanisms for horizontal gene transfer: conjugation,
transduction and natural genetic transformation. Conjugation and transduction are
common among bacteria, because they depend on ubiquitous elements such as
plasmids, transposons and bacteriophages. Conjugation and transduction require
that donor bacteria are alive, whereas horizontal gene transfer by natural
transformation depends on naked DNA released from dead donor bacteria. More
than 50 different bacterial species have so far been shown to be competent for
natural genetic transformation. Among these are the soil bacterium B.subtilis and
some isolates of B.licheniformis (Lorenz and Wackernagel 1994;Rey et al.
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2004;Spizizen and Prestidge 1969). Although competence for natural transformation
has never been demonstrated in Bacillus cereus or Bacillus anthracis under
laboratory conditions, their genome sequences contain homologues of B. subtilis
competence genes, indicating that natural genetic transformation actually occurs in
these bacteria under natural conditions (Vilas-Boas et al. 2002).

VII- Exposure assessment

VII-I- B. licheniformis

VI-I-i- Ecology

Due to the resistance of their endospores to environmental stresses, as well as their
long-term survival under adverse conditions, B. licheniformis is ubiquitous and can be
isolated from a wide variety of sources. Hence, the occurrence of B. licheniformis in a
certain environment is not necessarily an indication of habitat and it is generally
accepted that the primary habitat is the soil. In the soil environment B. licheniformis
become metabolically active when suitable substrates for growth are available, and
presumably form spores when nutrients are exhausted. This is a strategy used by
other microbes in the soil habitat, including the filamentous fungi and the
actinomycetes, which also form resting structures (spores), and produce antibiotics in
association with their sporulation process.

Since most Bacillus species can effectively degrade a series of biopolymers
(proteins, starch, pectin, etc.), they are assumed to play a significant role in the
biological cycles of carbon and nitrogen.

From soil, by direct contact, or by air-borne dust, Bacillus spores can contaminate
just about anything that is not maintained in a sterile environment. They may also
play a biodegradative role in whatever they contaminate, and thereby they may be
agents of unwanted decomposition and decay. Several Bacillus species are
especially important as food spoilage organisms (e.g. B. cereus).

The bacterium is likely to enter the human and animal digestive system many times a
day (U.S.Environmental Protection Agency 1997). Data regarding its ability to survive
in the gastrointestinal tract are sparse; however, it is highly likely that the spores will
pass through without causing harm. Outside the gastrointestinal tract, the bacterium
can be a temporary colonizer of skin.

VIl-l-ii-Prevalence of B. licheniformis in compost

Various investigations have shown that many different types of thermophilic bacteria
are involved in decomposing protein and other readily degradable organic matter
(Ichida et al. 2001;Wehner et al. 2002;Zhang et al. 2002). They appear to be
responsible for the intense activity characteristic of the first few days, when
temperatures reach 65°to 70 °C. Thermophilic species belonging to the genus
Bacillus are very common in both thermogenic, post-thermogenic and final compost
samples, e.g. Bacillus thermodenitrificans, B. licheniformis, B. macerans and B.
stearothermophilus. Viable cell numbers range from 1.5 to 150 x 10° colony forming
units per gram compost (wet weight), with the highest counts being from samples
with temperatures of 70 °C and 55 °C. In one study (Zhang et al. 2002), B.
thermodenitrificans was the dominant isolate (representing more than 50% of isolates
from total plate counts) in 7 of the 11 individual compost total plate count samples

10
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between 30 °C to 73 °C, and accounted for 68.9% of all isolates. B. licheniformis
accounted for 7.2% of all isolates and was the dominant isolate in one sample.

VIlI-l-iii- B. licheniformis 20443 in compost produced from waste

The waste product from the bacitracin production, which is designated “slurry” and is
mixed with bark chips and lime and subjected to composting, contains 10%-10° total
colony counts per gram. Due to methodological limitations, the fraction of B.
licheniformis 20443 cells was not determined, but the slurry may contain between
102-10%g living 20443 cells. Viable spore counts in the slurry were less than 10
spores /ml. There was a lower total cell count in composted slurry than in composted
sludge and composted household waste. However, the composted slurry was older
than the other compost types. Numbers of viable spores were about the same. The
dominant Bacillus spp. present in soil and compost were tentatively assigned to the
Bacillus cereus group (information and data delivered by Alpharma AS and Lindum
AS).

VII-lI- Concentration of bacitracin in compost and soil

According to the most recent estimates using LC-MS analysis, composted waste
from Alpharma contains 345 ppm bacitracin after 3 days, 31 ppm after 7 days and
about 3 ppm after 25 days. Based on “spiking” of compost with a known amount of
bacitracin and subsequent extraction by a mixture of methanol, water, and acetic acid
(90:9:1), recovery of bacitracin was estimated to be in the range of 50-70%.

Annual waste production is about 1400 metric tons (30 % dry weight). This may
amount to 1500-2000 metric tons (dry weight) of finished compost including bulking
agents (due to the liquid character of the waste, large quantities of bark or suitable
bulking material have to be added). A maximum of 40 metric tons compost per
hectare of agricultural land is allowed for quality class | compost products over a 10-
year period. Thus, annual application of 1600 metric tons of compost to agricultural
soil requires 400 hectares of available farmland. As the compost contained 3 mg
bacitracin per kg after 25 days, if a content of 1 mg per kg at the time of application is
assumed this corresponds to 40 grams per hectare or about 10-15 ug per kg soil
(about 100 pg per litre soil water).

VIlI-lll- Exposure to antimicrobial resistance genes

Clearly, the amount of bacitracin present during the first week of compost
fermentation (see paragraph above) is sufficient to exert a selection pressure on the
susceptible members of the bacterial population. Consequently, conditions that
promote dissemination of bacitracin resistance genes to natural strains will prevail for
a considerable period of time. Presumably, significant amounts of free DNA from B.
licheniformis 20443 will be present in the waste material used for compost production
(see data gaps section). This DNA may be taken up by naturally competent bacilli
present during the first week of fermentation. Therefore, conditions promoting the
dissemination of bacitracin resistance genes seem to be present during the first week
of compost fermentation.

However, in the absence of a corresponding selection pressure, dissemination of
sulfonamide and erythromycin resistance genes from the B. licheniformis producer
strain is unlikely to exceed background level, i.e. the level of naturally occurring gene
transfer in soil.

According to a study from Danish Research Centre for Organic Farming
(www.darcof.dk/enews/june04/gmo.html) composting of transgenic plant material has
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indicated that DNA is degraded much faster than structural plant material, and DNA
could no longer be detected after 14 days when the temperature peaked at 58 °C. At
higher temperatures DNA disappeared after 6 days. In soil, transgenic DNA could still
be detected after 77 days (Magid et al. 2004). These experiments showed that
composting of GM plant residues greatly increases the rate of degradation of
transgenic DNA compared to the rate for plant residues left in the soil. However,
despite these observations, it cannot be concluded that horizontal gene transfer
cannot take place.

In general, the presence and fate of antimicrobial resistance genes in compost has
rarely been assessed. In a compost preparation produced from a horse-bedding
straw-deep-litter chicken manure mixture supplemented with gypsum, background
resistance of the compost microflora to selective agents (kanamycin, novobiocin,
tetracycline, thiostrepton, and NaCl) was demonstrated to be extremely varied
(Amner et al. 1988). Real-time PCR assays may provide rapid, quantitative
cultivation-independent measurements of resistance genes. The utility of real-time
PCR assays has recently been demonstrated by quantifying three tetracycline
resistance (tet) gene groups present in bovine and swine manures, composts of
swine manure, lagoons of hog house effluent, and samples from an Ekokan upflow
biofilter system treating hog house effluent (Yu et al. 2005). The bovine manures
were found to contain fewer copies of all three groups of tet genes than the swine
manures. Composting of swine manures substantially reduced tet gene abundance
(by up to 6 logs), while lagoon storage or the upflow biofilter had little effect on tet
gene abundance. In cases where the antimicrobials are rapidly degraded, these
results suggest that composting may have a substantial impact on the persistence
and dissemination of resistance genes that have no other selective advantage.

VII-IV- Use of bacitracin in Norway

Two preparations containing bacitracin are registered for use in Norway (Bacimycin®
powder and Bacimycin® ointment).

In Norway, the usage in 2005 was 400 kg powder and 1800 kg ointment.

This corresponds to 1000 million IU (International Unit) bacitracin (Hege Salvesen
Blix, personal communication). The same preparation is used in both human and
veterinary medicine. Bacitracin has not been used as a feed additive for domestic
animals in Norway since 1997(NORM-NORMVET 2004).

According to the Norwegian monitoring programme for antimicrobial resistance in
bacteria from humans (NORM), a marked increase in isolation frequencies of fusidic
acid resistant S. aureus associated with impetigo bullosa among children has been
recognized. The Norwegian monitoring programme for antimicrobial resistance in
bacteria from feed, food and animals (NORM-NORM-VET 2000;NORM-NORM-VET
2001;NORM-NORM-VET 2002;NORM-NORM-VET 2003;NORM-NORMVET 2004)
has registered the same tendency regarding the occurrence of fusidic acid resistant
staphylococci isolated from animals.Therefore, bacitracin has been suggested as one
of the drugs of choice for treatment of impetigo in Norway.

VIlI- Risk characterization

VIII-I- Survival of B. licheniformis 20443 bacitracin producer strain

Experiments conducted by Alpharma indicate that the production strain accounted for
less than 1% of all compost isolates. Most isolates belonging to the genus Bacillus,
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were assigned to the B. cereus group. If this is correct, the production strain may
differ substantially from the range of phenotypes exhibited within the species and
apparently displays a selective disadvantage compared to the original strain when
reintroduced to soil.

VIII-lI- Bacitracin

In the spiking experiment, bacitracin was allowed to stay in contact with the solid
phase of the compost for only 20 min before extraction. In our opinion, this period
may have been too short for bacitracin to penetrate into the micropores in the solid-
phase material, and for bactracin to form stable non-covalent complexes with the
solid phase. It is therefore possible that the estimated recovery is too high and not
applicable to the situation where bacitracin has stayed in contact with the solid-phase
for a longer period. However, low recovery may indicate less bioavailability and
reduced selection pressure. Regardless of recovery, sufficient residual bacitracin is
present in the initial phase of the composting process to exert a selection pressure
that promotes dissemination of bacitracin resistance genes. Residual bacitracin in the
final product is low and less likely, if at all, to promote selective advantage to
resistant soil or compost bacteria.

VIII-llI- Propagation of antimicrobial resistance from the B.
licheniformis 20443 bacitracin producer strain

Undoubtedly antimicrobial resistance genes will be transferred from the B.
licheniformis bacitracin producer strain to members of the genus Bacillus and other
bacteria present in the compost environment, if compost containing the producer
strain is mixed with soil. Studies on agricultural soil treated with animal waste, and
laboratory experiments carried out using soil microcosms, support this view, but the
efficiency of the gene transfer processes in soil is believed to be relatively low
(Graham and Istock 1979;Jensen et al. 2001;Lorenz and Wackernagel 1994).
Consequently, without a selection pressure promoting the survival and propagation of
soil bacteria that have acquired antimicrobial resistance genes from the B.
licheniformis producer strain, the number of transformants present in the enriched
soil environment will be very small. In contrast, in environments where bacitracin,
sulfonamide, or erythromycin is present at concentrations affecting bacterial growth,
bacteria acquiring antimicrobial resistance by incorporating resistance determinants
from the B. licheniformis producer strain will have a selective advantage and
potentially reach high numbers.

As resistance to sulfonamide, and erythromycin is common among B licheniformis
(Docherty et al. 1981) and other soil bacteria (D'Costa et al. 2006), the presence of a
low number of B. licheniformis 20443 cells carrying these determinants is not
considered to present a significant risk to human health or the environment.

IX- Data gaps
During the preparation of this assessment, the following data gaps were identified:
¢ |nsufficient documentation on the number of surviving Bacillus licheniformis
20443 cells present in the compost after fermentation.
¢ No information on the amount of free DNA from Bacillus licheniformis 20443
present in the waste material used for compost production.
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e Lack of use of simple molecular typing tools (like Random
Amplification of Polymorphic DNA; RAPD) to differentiate between the B.
licheniformis production strain 20443 and other B. licheniformis present in
compost/soil.

e Lack of information on the occurrence and presence of pathogenic bacteria
(e.g. enterococci) in the composting system.

e The extent to which the resistance genes in B. licheniformis are transferable
and can mediate phenotypically-expressed resistance in other bacterial
species, like human and animal pathogens, is not documented.

e An absence of a standardized method to determine bactericidal and
bacteriostatic (Minimum Inhibitory Concentration, MIC) values for bacitracin.

X- Answers to the questions

1- Assessment of risk in relation to residual content of bacitracin in the
finished product.

Will the residual content of bacitracin in the proposed compost pose any risk
to human health or the environment?

According to the measurements conducted and presented by Alpharma, after the
production waste has been mixed with bark chips and lime and composted for 25
days, the concentration of bacitracin is about 3 ppm or less. It is highly unlikely that
bacitracin at this concentration will pose a significant risk to human health or have
adverse toxicological effects. However the antibiotic may exert a selection pressure
on the bacterial community in the compost (see below), and thus a possible long-
term effect cannot be excluded.

2- Assessment of risk in relation to dissemination of the production strain

a- Assess the risks of disseminating B. lichenformis 20443 to the environment,
and whether such dissemination could pose a threat to human health or the
environment?

It is likely that B. licheniformis 20443, which is the laboratory mutant strain used by
Alpharma to produce bacitracin, has lost some of its ability to compete with bacteria
found in the environment. The 20443 strain does not form spores during the
production process, and due to the low pH (pH 4.0) relatively few living bacteria (102-
10° cfu/g) are present in the waste used for composting. Furthermore, studies carried
out by Alpharma suggest further reductions in strain 20443 in the waste product
during the composting process. However, more accurate data are required to confirm
these findings. Considering the low number of producer bacteria remaining in the
finished product, the probability is low that it will disseminate from the compost.
Consequently, because B. licheniformis appears to be essentially non-pathogenic to
healthy people, and very uncommon as an opportunistic pathogen in humans, the
bacterium constitutes a minimal risk to human health or the environment.

The situation will differ if sufficient bacitracin is present in the compost to inhibit
growth of a significant fraction of the natural population. This scenario is unlikely,
however, as a concentration of about 3 ppm bacitracin will probably be too low to
exert sufficient effective selection pressure to enable the bacitracin-resistant
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producer strain to out-compete other bacteria. Additionally, only Gram-positive
bacteria are susceptible to bacitracin.

b- Assess the risks of dissemination of antibiotic resistance genes from the
compost.

The waste product designated “slurry”, which is mixed with bark chips and lime and
subjected to composting, contains relatively high amounts of bacitracin. In addition
this slurry may contain 10%-102 living B. licheniformis 20443 cells per gram plus
unknown amounts of free DNA released from dead and disintegrated producer
bacteria. Consequently, it is likely that during the first week of composting, selection
pressure will favour the transfer of bacitracin-resistance genes to different strains and
species of Bacillus and possibly other species growing in the compost. It is not
possible to predict the extent of such lateral gene transfer, but it is reasonable to
assume that under the special conditions prevailing early in the composting process,
increased dissemination of the bacitracin-resistance genes to the environment may
take place relative to background level. However, this is considered to represent a
low risk to human health and the environment.

The abundance of resistance genes in the finished compost will probably be close to
the background level and application of the final product as a soil amendment will not
contribute to increased dissemination of bacitracin-resistance. However, this is
considered to represent a low risk to human health and the environment.

15



Norwegian Scientific Committee for Food Safety 05-106-Final

XI- References

Amner,W., McCarthy,A.J. and Edwards,C. (1988) Quantitative assessment of factors
affecting the recovery of indigenous and released thermophilic bacteria from
compost. Appl. Environ. Microbiol. 54, 3107-3112.

Azevedo,E.C., Rios,E.M., Fukushima,K. and Campos-Takaki,G.M. (1993) Bacitracin
production by a new strain of Bacillus subtilis. Extraction, purification, and
characterization. Appl. Biochem. Biotechnol. 42, 1-7.

Bergey's Manual of Bacteriology. (2005). USA. Springer.
Bergsjo,B.A. (2003) Bacillusabort. Norsk Veterinzertidsskrift 4. 237.

Butaye,P., Devriese,L.A. and Haesebrouck,F. (2003) Antimicrobial growth promoters
used in animal feed: effects of less well known antibiotics on gram-positive bacteria.
Clin. Microbiol. Rev. 16, 175-188.

Cain,B.D., Norton,P.J., Eubanks,W., Nick,H.S. and Allen,C.M. (1993) Amplification of
the bacA gene confers bacitracin resistance to Escherichia coli. J. Bacteriol. 175,
3784-3789.

Coonrod,J.D., Leadley,P.J. and Eickhoff,T.C. (1971) Antibiotic susceptibility of
Bacillus species. J. Infect. Dis. 123, 102-105.

D'Costa,V.M., McGrann,K.M., Hughes,D.W. and Wright,G.D. (2006) Sampling the
antibiotic resistome. Science 311, 374-377.

Devriese,L.A., Daube,G., Hommez,J. and Haesebrouck,F. (1993) In vitro
susceptibility of Clostridium perfringens isolated from farm animals to growth-
enhancing antibiotics. J. Appl. Bacteriol. 75, 55-57.

Docherty,A., Grandi,G., Grandi,R., Gryczan,T.J., Shivakumar,A.G. and Dubnau,D.
(1981) Naturally occurring macrolide-lincosamide-streptogramin B resistance in
Bacillus licheniformis. J Bacteriol. 145, 129-137.

Edberg, S. C. (1992) US EPA human health assessment: Bacillus licheniformis.
Washington, D. C. U. S. Environmental Protection Agency.

El Ghachi,M., Derbise,A., Bouhss,A. and Mengin-Lecreulx,D. (2005) Identification of
multiple genes encoding membrane proteins with undecaprenyl pyrophosphate
phosphatase (UppP) activity in Escherichia coli. J. Biol. Chem. 280, 18689-18695.

Eppelmann,K., Doekel,S. and Marahiel,M.A. (2001) Engineered biosynthesis of the
peptide antibiotic bacitracin in the surrogate host Bacillus subtilis. J. Biol. Chem. 276,
34824-34831.

European Commission. Opinion of the Scientific Committee on Animal Nutrition on

the safety of use of Bacillus species in animal nutrition. 2000.
Ref Type: Report

16



Norwegian Scientific Committee for Food Safety 05-106-Final

Graham,J.P. and Istock,C.A. (1979) Gene exchange and natural selection cause
Bacillus subtilis to evolve in soil culture. Science 204, 637-639.

Harel,Y.M., Bailone,A. and Bibi,E. (1999) Resistance to bacitracin as modulated by
an Escherichia coli homologue of the bacitracin ABC transporter BerC subunit from
Bacillus licheniformis. J. Bacteriol. 181, 6176-6178.

Ichida,J.M., Krizova,L., LeFevre,C.A., Keener,H.M., Elwell,D.L. and Burtt,E.H., Jr.
(2001) Bacterial inoculums enhances keratin degradation and biofilm formation in
poultry compost. J. Microbiol. Methods. 47, 199-208.

Jensen,L.B., Baloda,S., Boye,M. and Aarestrup,F.M. (2001) Antimicrobial resistance
among Pseudomonas spp. and the Bacillus cereus group isolated from Danish
agricultural soil. Environ. Int. 26, 581-587.

Kirkbride,C.A., Collins,J.E. and Gates,C.E. (1986) Porcine abortion caused by
Bacillus sp. J. Am. Vet. Med. Assoc. 188, 1060-1061.

Kwak,J.H., Choi,E.C. and Weisblum,B. (1991) Transcriptional attenuation control of
ermK, a macrolide-lincosamide-streptogramin B resistance determinant from Bacillus
licheniformis. J. Bacteriol. 173, 4725-4735.

Logan,N.A. (1988) Bacillus species of medical and veterinary importance. J. Med.
Microbiol. 25, 157-165.

Lorenz,M.G. and Wackernagel,W. (1994) Bacterial gene transfer by natural genetic
transformation in the environment. Microbiol. Rev. 58, 563-602.

Magid, J., Rasmussen, L. D. and Mgller, J. Measuring degradation of transgenic
DNA and screening for horizontal gene transfer from GMO-plant material during
composting. 2004. Leon, Spain, 1th International Conference on Soil and Compost
Ecobiology. 2004.

Ref Type: Conference Proceeding

Manson,J.M., Keis,S., Smith,J.M. and Cook,G.M. (2004) Acquired bacitracin
resistance in Enterococcus faecalis is mediated by an ABC transporter and a novel
regulatory protein, BcrR. Antimicrob. Agents. Chemother. 48, 3743-3748.

McClung, G. Ecological hazard assement of Bacillus licheniformis for the 5(h)(4)
exemptions in the proposed biotechnology rule. 1992. Washington, U. S.
Environmental Protection Agency.

Ref Type: Report

Mihaila-Amrouche,L., Bouvet,A. and Loubinoux,J. (2004) Clonal spread of emm type
28 isolates of Streptococcus pyogenes that are multiresistant to antibiotics. J. Clin.
Microbiol. 42, 3844-3846.

Neumuller,A.M., Konz,D. and Marahiel,M.A. (2001) The two-component regulatory

system BacRS is associated with bacitracin 'self-resistance’ of Bacillus licheniformis
ATCC 10716. Eur. J. Biochem. 268, 3180-3189.

17



Norwegian Scientific Committee for Food Safety 05-106-Final

NORM-NORM-VET. Usage of antimicrobial agents and chemotherapy and
occurrence of antimicrobial resistance in Norway. 2000. Oslo/Tromsg-Norway.
Ref Type: Report

NORM-NORM-VET. Usage of antimicrobial agents and chemotherapy and
occurrence of antimicrobial resistance in Norway. 2001. Oslo/Tromsg-Norway.
Ref Type: Report

NORM-NORM-VET. Usage of antimicrobial agents and chemotherapy and
occurrence of antimicrobial resistance in Norway. 2002. Oslo/Tromsg-Norway.
Ref Type: Report

NORM-NORM-VET. Usage of antimicrobial agents and chemotherapy and
occurrence of antimicrobial resistance in Norway. 2003. Oslo/Tromsg-Norway.
Ref Type: Report

NORM-NORMVET. Usage of antimicrobial agents and chemotherapy and
occurrence of antimicrobial resistance in Norway-2003. 39. 2004. Oslo / Tromsg,
Norway.

Ref Type: Report

O'Grady, F. and Greenwood, D. (1997) Cyclic peptides. In Antibiotic and
chemotherapy: antiinfective agents and their use in therapy ed. O'Grady,F.,
Lamber,H.P., Insh,R. and Greenwood,D. pp. 336-343. New York, N.Y: Churchill
Livingstone,Inc.

Phillips I. (1999) The use of bacitracin as a growth promoter in animals produces no
risk to human health. J. Antimicrob. Chemother. 44, 725-728.

Podlesek,Z., Comino,A., Herzog-Velikonja,B., Zgur-Bertok,D., Komel,R. and
Grabnar,M. (1995) Bacillus licheniformis bacitracin-resistance ABC transporter:
relationship to mammalian multidrug resistance. Mol. Microbiol. 16, 969-976.

Rey,M.W., Ramaiya,P., Nelson,B.A., Brody-Karpin,S.D., Zaretsky,E.J., Tang,M.,
Lopez,d.L., Xiang,H., Gusti,V., Clausen,l.G., Olsen,P.B., Rasmussen,M.D.,
Andersen,J.T., Jorgensen,P.L., Larsen,T.S., Sorokin,A., Bolotin,A., Lapidus,A.,
Galleron,N., Ehrlich,S.D. and Berka,R.M. (2004) Complete genome sequence of the
industrial bacterium Bacillus licheniformis and comparisons with closely related
Bacillus species. Genome. Biol. 5, R77.

Rosenkvist,H. and Hansen,A. (1995) Contamination profiles and characterisation of
Bacillus species in wheat bread and raw materials for bread production. Int. J Food.
Microbiol. 26, 353-363.

Salkinoja-Salonen,M.S., Vuorio,R., Andersson,M.A., Kampfer,P., Andersson,M.C.,
Honkanen-Buzalski, T. and Scoging,A.C. (1999) Toxigenic strains of Bacillus
licheniformis related to food poisoning. Appl. Environ. Microbiol. 65, 4637-4645.

Spizizen,J. and Prestidge,L. (1969) Conditions for competence in the Bacillus
licheniformis transformation system. J. Bacteriol. 99, 70-77.

18



Norwegian Scientific Committee for Food Safety 05-106-Final

Storm,D.R. (1974) Mechanisms of bacitracin action: a specific lipid-peptide
interaction. Ann. N. Y. Acad. sci. 235, 387-398.

Tatzel,R., Ludwig,W., Schleifer,K.H. and Wallnofer,P.R. (1994) Identification of
Bacillus strains isolated from milk and cream with classical and nucleic acid
hybridization methods. J. Dairy. Res. 61, 529-535.

Tsuda,H., Yamashita,Y., Shibata,Y., Nakano,Y. and Koga,T. (2002) Genes involved
in bacitracin resistance in Streptococcus mutans. Antimicrob. Agents. Chemother.
46, 3756-3764.

U.S.Environmental Protection Agency. Bacillus licheniformis final risk assessment.
1997. TSCA Biotechnology.
Ref Type: Report

Vilas-Boas,G., Sanchis,V., Lereclus,D., Lemos,M.V. and Bourguet,D. (2002) Genetic
differentiation between sympatric populations of Bacillus cereus and Bacillus
thuringiensis. Appl. Environ. Microbiol 68, 1414-1424.

Weber,D.J., Saviteer,S.M., Rutala,W.A. and Thomann,C.A. (1988) In vitro
susceptibility of Bacillus spp. to selected antimicrobial agents. Antimicrob. Agents.
Chemother. 32, 642-645.

Wehener,F.C.,van,Heerden, |, Cronje,C., Swart,S.H. and Kotze,J.M. (2002)
Microbial, chemical and physical aspects of citrus waste composting. Bioresource
Technol. 81, 71-76.

Yu,Z., Michel,F.C., Jr., Hansen,G., Wittum,T. and Morrison,M. (2005) Development
and application of real-time PCR assays for quantification of genes encoding
tetracycline resistance. Appl. Environ. Microbiol. 71, 6926-6933.

Zhang,Y.C., Ronimus,R.S., Turner,N., Zhang,Y. and Morgan,H.W. (2002)
Enumeration of thermophilic Bacillus species in composts and identification with a
Random Amplification Polymorphic DNA (RAPD) protocol. Syst. Appl. Microbiol. 25,
618-626.

19



Norwegian Scientific Committee for Food Safety 05-106-Final

Scientific Panel Members

Panel on Biological Hazards

Hilde Kruse (chair), Sigve Havarstein, Georg Kapperud, Jorgen Lassen, Bjorn Tore
Lunestad, Truls Nesbakken, Espen Rimstad, Lucy Robertson, Eystein Skjerve and
Yngvild Wasteson.

Acknowledgements

The Chair and members of the ad hoc working group of experts are acknowledged
for their valuable contribution to this risk assessment. The members of the ad hoc
working group are: Sigve Havarstein (chair), Marianne Sunde, and Roar Linjordet.

Scientific Coordinator
Siamak Yazdankhah

20



